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Abstract: Optical coherence tomography (OCT) is very promising for high-resolution 

cross-sectional imaging underneath the surface of biological tissue in the medical use.  In this paper, two 

OCT images for 0.8 and 1.3µm are compared in fiber-optic low-coherence interferometers. Our experiment 

suggests that the maximum light penetration depth of 1.3µm OCT is almost twice as large as that of 0.8µm 

OCT, while the latter can image micro tissue structures near the surface with higher contrast.  

 

1. Introduction 
 Very recently, keen interest has been in development of optical coherence tomography (OCT) in the 

field of biomedical optics because it is highly potential for high-resolution cross-sectional imaging underneath 

the surface of biological tissue1).  A lot of intensive works are now made for improvement of image quality 

and resolution, and combination OCT and endoscopes2).  In particular, we demonstrated ultra 

high-resolution OCT and optical tomography of the geometrical dimensions suitable for clinical diagnoses3-5). 

 OCT utilizes the low coherence interferometry to obtain a cross-sectional images in the way that is 

analogous to ultrasound echo imaging (B-mode operation).  The spatial resolution of OCT images along the 

tissue depth, therefore, is determined by the coherence length of the light source itself.  In the case where a 

super-luminescent diode (SLD) is used as the light source of the interferometer, the resolution of 10 to 20µm 

is obtained.  Essentially, OCT is 2-D mapping of reflection of light with less influence of scattering in 

biological tissue; in other words, only the ballistic photons are selectively detected in OCT.  Accordingly, the 

conventional Michelson interferometer can be used even for optical imaging of biological tissue which is 

strong scattering media.  Thus, a miniaturized and vibration-free Michelson interferometer is easily realized 

by the use of a single-mode fiber directional coupler.  The SM fiber is also very effective for selective 

detection of an extremely small amount of ballistic photons from scattered light.  This means a practical 

OCT system is easily realized by the help of advanced optoelectronic technologies, and OCT is thus very 

promising for a variety of diagnoses in ophthalmology, dermatology, gastrointestinal surgery, etc. 

 At present, further technical development of OCT is now required to meet actual clinical diagnoses, 



 

 

including improvement of the penetration depth of light and the spatial resolution. The penetration depth of 

light is mainly determined by scattering of biological tissue.  Scattering, as a matter of course, is strongly 

dependent upon the light wavelength.  In this paper, the imaging characteristics of OCT are presented for 

two specific wavelength of 0.8 and 1.3µm in the fiber-optic low coherence interferometers. 

 

2. 0.8 and 1.3 µµµµm fiber-optic OCT systems 

 Two different SLDs are commercially available for the wavelength of 0.8 and 1.3µm.  In the past 

two decades, the 0.8-µm light has been used for measurement of concentration of oxidized and deoxidized 

Hb of blood.  In contrast, the 1.3 or 1.5µm light is not popular in biomedical optics, but is the important 

wavelength range where optoelectronic 

components/devices are well developed.  The 

fiber-optic OCT system is shown in Fig. 1, where 

the center wavelength of SLDs are 0.85 and 

1.308µm with the spectrum bandwidth of 15 and 

42nm, respectively.  The output power of SLD is 

nearly 3mW.  First of all, the coherence length 

were measured to be 15.2 and 18.0µm for 0.8 and 

1.3µm SLDs, respectively.  Both a reference 

mirror and a focusing lens are loaded on 

translation stages with an accuracy of 0.1 or 1µm.  

For optical imaging, the reference mirror is 

scanned at 10mm/s or more for each step of 

movement of the lens. 

 The use of fiber-optic interferometers is 

very effective for selective detection of ballistic 

photons, as shown in Fig 2, where 0.8µm 

bulk-optic and fiber-optic OCT images of human 

nail are compared.  Obviously, the fiber optics 

can provide a higher contrast image with less 

speckle noise.  

 

3. Evaluation of the maximum penetration depth

 The maximum penetration depth of light, d

glass plates.  In general, the detected light intensity
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Fig. 1   System configuration of 
   the fiber-optic OCT.
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 is expressed by I = I0 exp (-2µtd) and µt = µa + µs, 
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Fig. 2   Comparison of in vivo OCT images
  of a human nail. (a) a bulk-optic OCT
  image. (b) a fiber-optic OCT image.  
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re I0 is the incident light intensity, d is the penetration depth of light, µa and µs are absorption and 

tering coefficients, respectively.  In biological tissue, µs >> µa is always satisfied.  On the basis of the 

ussion described here, µt and dmax are evaluated from the 0.8µm and 1.3µm OCT images of Figs. 3 (a) 

(b), which are false color images of the logarithmic light intensity level.  µt is determined as the slope of 

ting line for the light intensity profile along a raster, as shown by the dotted line in Figs. 3 (a) and (b).  

 is also given by the distance from the tissue surface to the crossing point of the fitting line and the noise 

l.  Consequently, we obtained µt = 2.6 and 1.1mm-1 and dmax = 0.7 and 1.5mm for 0.8 and 1.3µm OCT 

ges, respectively.  It is thus found out that dmax for 1.3µm OCT becomes almost twice as long as that for 

m OCT.  Such a drastic improvement of dmax is due to remarkable reduction of µt by the use of 1.3µm 

 light.  In our experiment, the ratio of µt 1.3µm 

µt 0.8µm is obtained to be 0.42 which is in good 

ement with the estimated value from Ref. 6.   

As an example of in vivo imaging, we 

ent here 0.8 and 1.3µm OCT images of 

an nail, as shown in Fig. 4.  The 0.8µm light 

s us the cross sectional image of only a nail 

, while the 1.3µm light penetrates through to 

 tissue behind a nail plate. 
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Fig. 3  In vitro OCT images of chiken tissue and the axial reflection profile along the raster.
           (a) 0.85µm OCT image,  (b)1.3µm OCT image.
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Fig. 4   Comparison of in vivo OCT images
  of a human nail. (a) 0.85µm OCT 
  image, (b) 1.3µm OCT image.
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4. Other imaging properties 
 The 1.3µm OCT has the advantage of 
deep penetration of light, but this type of OCT is 
not always suitable for cross-sectional imaging of 
biological tissue. In the near future, for example, 
the 2-D mapping of concentration of oxidized and 
deoxidized Hb should be required for function 
analyses of biological tissue.  Such a function 
imaging is possible only by the 0.8µm OCT, in 
which at least two SLDs are necessary for 
different-wavelength imaging around 0.81µm.   
 In the 0.8µm OCT, the reflection light 
intensity reduces steeply along the depth due to a large scattering coefficient.  This fact is not always 
shortcoming for the cross-sectional imaging.  In the case of imaging of micro layer tissue near the surface, 
steeper reduction of reflection light leads to higher contrast of OCT images.  We here present 0.8 and 1.3µm 
OCT images of an earlobe of nude mouse, as shown in Fig. 5.  It can be found that the 0.8µm SLD can 
image more clearly tissue layers including peripheral blood vessels. 
 
5. Conclusion 

We compared two OCT images for 0.8µm and 1.3µm by use of the fiber-optic low coherence 
interferometers.  The maximum penetration depth and the total attenuation coefficient of two light sources 
were evaluated using chicken tissue.  Our experiment suggested that the maximum penetration depth for 
1.3µm OCT is almost twice as long as that for 0.8µm OCT.  On the contrary, it can be found that the 0.8µm 
OCT can image micro tissue structures near the surface with higher contrast.  Although two properties, long 
penetration depth and high image contrast, are inconsistent with each other.  Our effort is now directed at 
improvement of image contrast of 1.3µm OCT by the use of the light focusing effect of an objective. 
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Fig. 5   In vivo OCT images of an earlobe of 
  nude mouse. (a) 0.85µm OCT image,
  (b) 1.3µm OCT image.  
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